Background--Racial/ethnic and socioeconomic disparities exist in outcomes for children with congenital heart disease. We sought to determine the influence of race/ethnicity and mediating socioeconomic factors on 1-year outcomes for live-born infants with hypoplastic left heart syndrome and dextro-Transposition of the great arteries.
C ongenital heart disease (CHD) is the most common birth defect, with an incidence of %0.8%. 1 In the recent era, advances in perioperative care have led to improved survival of newborns with critical CHD. 2, 3 Despite improvements, these children continue to face significant morbidities and mortality. 4 Among other factors, race and ethnicity have been previously shown to be associated with mortality in children undergoing surgery for various types of CHD. [5] [6] [7] [8] [9] In particular, vulnerable racial/ethnic groups such as Hispanic and black patients have an increased risk of mortality as seen in large populationbased studies. 6, 9 The cause of racial/ethnic disparity in CHD outcomes is largely unknown. Race and ethnicity are mainly regarded as social constructs, thus healthcare disparities are likely mediated through various socioeconomic factors rather than through biological differences between groups. 10 Few studies
have assessed the role of socioeconomic factors as primary predictors of outcome, such as parental education levels, insurance status, and income, which are known to be important contributors to health and healthcare disparities. 11 The few studies in the CHD literature that have accounted for these factors have conducted analyses that have not taken into account the intimate relationship between race/ethnicity and various socioeconomic factors as a conceptual model for healthcare disparity. 12 For example, studies utilizing the Texas Birth Defects Registry have suggested that access to care (by virtue of residing in high poverty areas) more than race/ ethnicity plays a major role in 1-year mortality for patients with severe CHD. Still, it is unclear whether certain racial/ ethnic groups within these regions are at proportionately higher risk. 8, 13 Similarly, several other studies have identified regional differences in outcome in the United States within racial/ethnic groups without a clear identification of specific factors that may be responsible for the disparities within that state or region. 14 Understanding the socioeconomic factors that may then mediate the relationship between race/ethnicity and outcome in CHD would be helpful for developing target intervention strategies for specific vulnerable populations. Our primary aim in the current study was to determine whether socioeconomic factors mediate racial/ethnic disparities in 1-year outcomes for live-born infants with 2 forms of complex CHD requiring a neonatal intervention, hypoplastic left heart syndrome (HLHS) and dextro-Transposition of the great arteries (d-TGA), in the current era. We hypothesized that socioeconomic factors may explain a large percentage of the racial/ethnic disparities seen in this population.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure. The California Office of Statewide Health Planning and Development maintains a birth cohort database containing 3 160 268 live births from the years 2007-2012. This database includes detailed information on infant and maternal clinical and demographic characteristics derived from hospital discharge records (maternal hospitalization, birth hospitalization, and readmissions), linked to birth and death certificates, from birth to 1 year of age. The file provides diagnosis and procedure codes based on the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). The same database has been used by our group to report on a variety of neonatal outcomes. 15 Informed consent was waived for this study.
Patients
We included all live-born infants with gestational age 22 to 42 completed weeks and excluded newborns with known chromosomal abnormalities or major structural birth defects other than the cardiac lesions of interest. Structural birth defects were considered "major" if determined by clinical review to result in mortality or major morbidity and likely to be identified at birth or lead to hospitalization during the first year of life. 16 Infants with HLHS or d-TGA were identified by ICD-9-CM diagnostic and procedure codes present in the birth, transfer, or readmission records. Two experts including a cardiologist and a cardiac intensivist (A.M.G. and M.A.S.) reviewed all cases according to a proposed framework based on morphogenetically similar developmental mechanisms to ensure correct classification of infants with multiple ICD-9-CM codes. 17, 18 Final diagnosis was reached by consensus.
Predictors and Primary Outcome
The main predictors included maternal race/ethnicity and socioeconomic variables available in the California Office of Statewide Health Planning and Development data set. Race and ethnicity of the mother was self-reported and obtained from the infant's birth certificate record. Race/ethnicity was classified as non-Hispanic white, non-Hispanic black, any Hispanic ethnicity, Asian, and Other (reported as American Indian, Hawaiian/Pacific Islander, other race, >1 race or unknown). Similarly, available socioeconomic predictors were largely recorded based on self-report. Maternal education was obtained from the birth certificate record of
Clinical Perspective
What Is New?
• This study demonstrates the socioeconomic factors that can in part explain the racial/ethnic disparities seen in outcomes of congenital heart disease.
• In particular, the poor outcomes observed in Hispanic patients appear to be in large part explained by lower education status and public insurance status as compared with non-Hispanic white patients.
What Are the Clinical Implications?
• These findings provide critical preliminary data in creating tools tailored to address specific socioeconomic factors in an attempt to lessen racial and ethnic disparities in congenital heart disease outcomes.
the infant and categorized by years of education (12, <12, and >12 years). 19 The remainder of the analysis was performed comparing nonHispanic white with Hispanic patients given the large sample size in each group in California. The smaller sample size in the other racial/ethnic categories did not allow for meaningful comparisons and thus were excluded from the main analysis. Missing data were rare in this cohort; however, if a patient was missing data in any variable of interest they were excluded from the analysis. The primary outcome was intended a priori as a composite outcome of 1-year mortality and unanticipated hospital readmissions. The composite outcome necessarily differed based on cardiac lesion. For patients with HLHS, the primary outcome was death (determined by death certificate or hospital discharge status) or >3 readmissions (hospitalizations not including the birth hospitalization) within the first year of life. This cutoff was chosen for HLHS given the need for at least 2 hospitalizations within the first year of life for additional diagnostic or surgical procedures. An additional hospitalization was added to account for minor illnesses that may lead to hospitalization due to a lower threshold for inpatient care. Similarly, for patients with d-TGA, the primary outcome was death or >1 readmission within the first year of life. Readmissions to any hospital were captured in this database.
Statistical Analysis
The analysis was performed for the entire cohort together while maintaining the primary outcome definitions for each lesion (HLHS and d-TGA). First, descriptive statistics were used to display baseline characteristics of the cohort by racial/ethnic group (non-Hispanic white and Hispanic). Then, we used a traditional approach by assessing the relationship between the predictors and our composite outcome as defined above in a univariable and multivariable logistic regression analysis. All factors in the univariable model (regardless of statistical significance) were included in the multivariable model. The results were presented as odds ratios (ORs) and 95% confidence intervals (CIs). To limit the data to the time period that socioeconomic factors may have the biggest impact, a sensitivity analysis was performed excluding patients who died before their neonatal hospital discharge (ie, only included patients who were discharged alive from their initial neonatal hospitalization).
We then performed a formal mediation analysis. The conceptual model is demonstrated in the Figure. A mediator is defined as a variable that is on the causal pathway between the predictor and outcome of interest. In other words, a predictor can influence a mediator, which then influences the outcome. In traditional analyses, mediators are often adjusted for when assessing the relationship between a predictor and primary outcome. However, this approach may abolish meaningful relationships between the predictor and outcome and falsely conclude a lack of association. Thus, performing formal mediation analyses allows the identification of factors that may explain the relationship between a predictor and an outcome. First, a set of potential mediators was determined a priori based on available data. Factors may mediate the relationship between racial/ethnic group and outcomes if the following 4 conditions are met: (1) race/ ethnicity is associated with the outcome of interest; (2) racial/ethnic group is associated with a set of potential mediating socioeconomic factors; (3) a set of potential mediating factors are associated with the outcome of interest; and (4) including both racial/ethnic group and the set of mediating factors in a model changes the association between the outcome of interest and racial/ethnic group observed in condition 1. To test condition 1 and 3, we built univariable logistic regression models with the respective predictors and the composite outcome. To test condition 2, we used chi-square tests to assess the association between racial/ethnic group and each set of potential mediating factors.
To conduct the final condition, we used the derived mediation analysis method based on the counterfactural framework proposed by Yu and Li. 20, 21, 22 The method was implemented using the mma package in the statistics software R (version 3.5.0) and explained in detail elsewhere. 22 We used multiple additive regression trees to calculate the total direct effect, total indirect effect, and the individual effect of each mediator in the relationship of Hispanic ethnicity and poor outcome. 22 The study was approved by the Committee for the Protection of Human Subjects within the California Health and Human Services Agency. All analyses were performed with software R (see above) and with STATA version 14.2 (StataCorp).
Results
Of the 3 160 268 live births, the prevalence of live-born infants with HLHS or d-TGA without chromosomal anomalies was 1796 (0.05%) (d-TGA=832, HLHS=964). Baseline demographics of the entire population are listed in Table 1 . There was a large proportion of non-Hispanic white and Hispanic patients in the population (46.7% Hispanic and 26.6% nonHispanic white). Other racial/ethnic groups were less well represented (non-Hispanic black, n=93; Asian, n=188; other, n=200). Thus, the remainder of the analysis was performed comparing Hispanic patients (n=838) with non-Hispanic white patients (n=477). Demographics of this subpopulation are listed in Table 2 . In general, Hispanic patients had fewer years of maternal education, higher rates of public insurance, younger maternal age, lived in urban communities, and their infants were born in community hospitals and were small for gestational age as compared with non-Hispanic white patients. There was no difference in mortality alone when comparing the 2 groups. The univariable analysis assessing the composite primary outcome of 1-year mortality or unanticipated readmissions revealed several important associations as seen in Table 3 . Patients of Hispanic ethnicity had significantly higher odds of a poor outcome as compared with non-Hispanic whites (crude OR, 1.72; 95% CI, 1.37-2.17). Several socioeconomic factors were associated with the composite outcome. In particular, maternal education >12 years and private insurance status were both associated with a significantly decreased odds of a poor outcome as compared with those with <12 years of education and public insurance status, respectively (education >12 years: crude OR, 0.5 [95% CI, 0.38-0.65]; private insurance: crude OR, 0.65; [95% CI, 0.45-0.71]). There was no significant association between Federal Information Processing Standards code and outcome or hospital NICU level and outcome. As expected, infants with a lower gestational age at birth and lower birth weight (ie, small for gestational age) had increased odds of a poor composite outcome. In addition, older maternal age (age >34 years) appeared to be associated with decreased odds of a poor outcome as compared with those who were younger than 18 years. Other infant and maternal characteristics were not associated with the primary composite outcome.
In the multivariable analysis, the protective effects of higher maternal education and private insurance status remained significant (maternal education >12 years: adjusted OR, 0.70 [95% CI, 0.49-0.98]; private insurance: adjusted OR, 0.73 [95% CI, 0.55-0.97]), while the effect of race/ethnicity became nonsignificant after adjusting for all variables in the univariable analysis (Table 3) . Furthermore, prematurity remained a poor predictor of outcome (Table 3) .
A sensitivity analysis was performed by excluding all patients who died before neonatal hospital discharge (n=1133, Table 4 ). In this analysis the primary outcome was 
Mediation Analysis
To perform the mediation analysis for the primary outcome, 3 conditions were assessed and met for the entire cohort. In particular, Table 3 demonstrates that Hispanic ethnicity is associated with the primary outcome (condition 1). Table 2 demonstrates that a set of potential mediating factors (maternal education, insurance status, maternal age, Federal Information Processing Standards score, NICU level, and birth weight) is associated with maternal race/ethnicity (condition 2). Finally, Table 3 demonstrates the mediating factors (maternal education, insurance status, maternal age, and birth weight) that are associated with the primary outcome (condition 3). The mediation analysis was then repeated for the outcome excluding patients who died before neonatal hospital discharge (ie, death after discharge from neonatal hospitalization or unexpected readmissions). In this analysis, only maternal education and insurance status were included as possible mediators that fulfilled conditions 1 to 3 ( Table 5 ). The total direct effect of Hispanic ethnicity on outcome was 28.5% (95% CI, À4.4 to 77.5), while the total indirect effect (all mediators included) was 71.4% (95% CI, 5-102). Maternal education accounted for 42% of the relationship between Hispanic ethnicity and outcome, while insurance status explained 38.3% of the relationship.
Discussion
In this large population-based sample from the state of California, we demonstrate the influence of specific socioeconomic mediators on the relationship between race/ethnicity and postnatal outcomes in HLHS and d-TGA. In particular, maternal education explains almost half of the association seen between Hispanic ethnicity and mortality or unexpected hospital readmissions in the first year of life in this population. Interestingly, infant characteristics themselves play a nonsignificant role. Our results identify socioeconomic factors within racial/ethnic groups that can influence 1-year outcomes in a CHD population in a large, homogeneous sample of patients and provides targets for intervention.
Racial and Ethnic Disparities in CHD
Several studies have suggested a relationship between race/ ethnicity and various outcomes in CHD. This disparity dates back to older eras and continues to be seen in more contemporary cohorts. 6, 7, 9, 14, 23 Although survival has increased over time in general for various subtypes of CHD, 24 the disparity in outcome between those who are non- Continued these trends in overall survival with no change in racial disparities over a period of 30 years. In particular, nonHispanic black patients with CHD continued to have at least a 19% disparity in death over this prolonged time period as compared with non-Hispanic white patients. These trends have also been seen in more contemporary cohorts. 8, 26 In our study, we were unable to make any meaningful conclusions about the effect of black race on outcome as compared with non-Hispanic white patients because of the relatively low percentage of black infants in this cohort, although our data suggested a trend towards increased 1-year mortality and a poor composite outcome for black patients compared with non-Hispanic white patients (Table 1) . However, there was a large number of Hispanic patients in the cohort allowing for meaningful comparisons with the reference group (nonHispanic white patients). Although there did not appear to be a difference by race/ethnicity when assessing mortality alone in our cohort, we found that in a univariable analysis, Hispanic ethnicity was associated with a poor outcome (1-year mortality or hospital readmissions) as compared with non-Hispanic white patients. Interestingly, this effect of Hispanic ethnicity disappeared in the multivariable model after adjusting for various socioeconomic factors and maternal and infant characteristics. This suggests that these other factors may play a stronger role in outcome since they are controlled for in multivariable analysis. This traditional analytic approach only allows for assumptions based on hypothesized mechanisms (ie, confounders and mediators) explaining the relationship between predictor and outcome. Thus, the formal mediation analysis performed in this study allows for a stronger conclusion regarding the effects of race/ethnicity and socioeconomic factors on outcome in this population.
Socioeconomic Factors
Although race and ethnicity are critical in understanding health disparities in CHD outcomes, understanding socioeconomic factors within racial/ethnic groups that contribute to poor outcomes is crucial to identify targets for intervention. [10] [11] [12] As a conceptual model, we used mediation analysis to better identify these other factors without removing race/ ethnicity from the equation as an influence on outcomes. The importance of other socioeconomic factors as mediators of the relationship between race/ethnicity and outcome has been explored in other patient populations, although not often in the CHD literature. For example, in a large population-based study assessing causes of fetal death, maternal, fetal, and socioeconomic factors mediated a large percentage of fetal death seen in black and Hispanic patients compared with non-Hispanic white patients. 27 Various socioeconomic factors (ie, poverty, access to care, and insurance status) have been shown to play a role in outcomes of CHD utilizing traditional analyses. 26, [28] [29] [30] Conducting mediation analysis led us to find that maternal education explains a large percentage of the poor outcome seen in Hispanic patients as compared with non-Hispanic whites with HLHS and d-TGA. Education levels have been shown to be a strong indicator of socioeconomic disparity in health-related outcomes. 11 Educational status reflects a range of social characteristics that can influence ones' health such as general and health-related knowledge and literacy and problem-solving skills. In addition to level of education, quality of education and access to material resources can influence health outcomes. Importantly, given our research in the pediatric population, maternal education is thought to play a significant role in children's health outcomes not only in childhood but also across the lifespan. For example, parental education levels can have downstream effects on their children's earnings, occupation, and health in adult years. 31, 32 Maternal education has repeatedly been shown to be significantly associated with neurodevelopmental outcomes in children born prematurely 33, 34 and even in children with complex CHD. 35 Therefore, not only can maternal education influence shorter-term outcomes in the CHD population, we would expect it to continue influencing longer-term outcomes including neurodevelopment, successful transition to independence in adulthood, and quality of life. Further studies should address the question of whether specific educational interventions can alter outcomes in these high-risk infants. LGA, large for gestational age (>90th percentile); LOS, length of stay (duration of initial hospitalization for infants who survived to discharge); NICU, neonatal intensive care unit; SGA, small for gestational age (<10th percentile). *Chi-square test.
While maternal education mediated the largest percentage of ethnic/racial disparity in the current study, insurance status was also mediating a significant percentage of this disparity. This is consistent with the findings of Erickson et al 30 who demonstrated that children with CHD and private insurance were found to be cared for more often at lower mortality hospitals as compared with those with public insurance. In our study, county of residence (rural versus urban) and the level of NICU care (none, intermediate, community, and regional) did not appear to influence the primary outcome and thus did not qualify as mediators. However, both of these factors are relatively weak surrogate markers for poverty or access to care and may not be sensitive enough to truly assess this important socioeconomic factor. Further studies are needed to investigate the impact of high-poverty regions and access to care (ie, prospective collection of more granular data such as home address and distance to treating hospitals) as mediators in the complex relationship between race/ ethnicity and outcomes in infants with CHD. This limitation can also explain the fact that a direct effect of race/ethnicity on our primary outcome (37.8%) was noted in the mediation analysis (Table 3 ). This does not suggest that biologic influences of race/ethnicity can explain 37.8% of the relationship with the primary outcome, but may reflect the fact that other mediating socioeconomic factors such as access to care, income, and occupation were not included in the model.
Study Limitations
There are several notable limitations to our study. First, a challenge to using administrative data is the correct ascertainment of the diagnosis using ICD-9 codes. It is possible that cases were missed; however, cases were captured from multiple sources including birth hospitalization and transfer and readmission records during the first year of life. Misclassification is also possible. To minimize this risk, 2 physicians independently reviewed every case with multiple codes for CHD. Nonetheless, we cannot exclude the possibility of misclassification of infants with CHD based on ICD-9 codes. Despite this possibility, the incidence of CHD and these particular lesions is consistent with previous population-based studies. 1 Infants with chromosomal abnormalities and other major congenital birth defects were excluded from the study given that these infants have a much higher risk of medical complications and poor outcomes as compared with those with isolated CHD. 36 However, future studies should be powered to understand whether race/ethnicity and/or socioeconomic status influences outcomes in this subgroup of patients as well. Our decision to use a composite outcome of mortality or readmissions a priori was based on mortality Finally, we lacked data on clinical variables that may have acted as effect modifiers or mediators such as surgical repair details and prenatal diagnosis of CHD, thus these variables were not included in the analysis. To minimize the influences of surgical and immediate postoperative complications on our primary outcome, we performed sensitivity analysis by excluding patients who died before discharge from their neonatal hospitalization. This analysis attempts to move beyond outcomes related solely to surgical repair and initial hospitalization and instead focuses on environmental and socioeconomic factors that these children are exposed to once they are discharged home. We found that even when excluding patients who died before hospital discharge, maternal education and insurance status continued to play a strong role in explaining the relationship between race/ ethnicity and outcome. In fact, the effect of these mediators seemed stronger in the sensitivity analysis. In particular, the total indirect effect (ie, effect of mediators) was 9% higher when excluding patients who died before hospital discharge (Table 3) .
Study Strengths
The strengths of our study include the large sample size, which included a large percentage of patients of Hispanic ethnicity, the focus on 2 homogeneous groups of complex CHD (HLHS and d-TGA) both requiring a neonatal operation, and the primary outcome chosen. By focusing on 2 forms of well-characterized complex CHD, we narrowed the focus of this analysis to infants who undergo a neonatal operation with typical surgical management strategies in the current era. We chose to assess the entire cohort in our analysis rather than each individual lesion for multiple reasons. First, the definition of having a poor outcome differed for HLHS and d-TGA, reflecting the inherent differences between these 2 lesions. Second, as mentioned above, the goal of this study was to understand the socioeconomic or environmental factors that these patients are exposed to once they are discharged home from the hospital. Thus, we would not expect that the specific cardiac lesion would influence socioeconomic factors such as maternal education and insurance status. 
Conclusions
Race/ethnicity continues to play an important role in 1-year outcomes among those with HLHS and d-TGA in a contemporary population-based cohort in California. Socioeconomic factors such as maternal education and insurance status seem to explain, in part, the poorer outcomes seen in Hispanic patients in California. These findings begin to identify specific factors within racial/ethnic groups that can be targeted for intervention. Community engagement and outreach to at-risk communities is a strategy that can identify specific barriers to healthcare access and in some cases has been shown to improve health outcomes in the pediatric population. 37, 38 For example, clinical-community collaborations have been shown to improve health-related outcomes by focusing on tailored provider training (increasing awareness of socioeconomic factors that influence health), optimal use of electronic health records (enhance awareness of available community resources), and innovate use of clinical space to enhance community engagement. 37 Providing additional resources to these vulnerable populations has the potential to improve both short-and long-term outcomes, in addition to being cost-effective (ie, decreasing the number total hospital admissions). Further work is being performed to assess costeffectiveness and to incorporate other measures of socioeconomic status.
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